Object. Spontaneous intracranial hypotension is an important cause of new-onset daily persistent headache. Cerebellar hemorrhage has been identified as a possible feature of spontaneous intracranial hypotension. The authors reviewed the MR imaging studies from a group of patients with spontaneous intracranial hypotension to assess the presence of cerebellar hemorrhage.
S pontaneouS intracranial hypotension is an important cause of new-onset headaches particularly in the young and middle-aged. 19, 21 The main underlying cause is a spontaneous spinal CSF leak, 19, 21 possibly sustained by low venous pressures. 6, 9 Spontaneous intracranial hypotension is diagnosed with increasing frequency, and its clinical and radiographic features continue to expand. Previously we reported on a patient with spontaneous intracranial hypotension who was found to have chronic cerebellar hemorrhages on MR imaging. 23 Similar cerebellar hemorrhages have been observed in patients who underwent planned lumbar CSF drainage for supratentorial craniotomies, 8 following inadvertent durotomies during spinal surgeries, 3, 7 and in the context of superficial siderosis syndrome in patients with spontaneous intracranial hypotension. 10, [16] [17] [18] We reviewed the MR imaging studies of patients with spontaneous intracranial hypotension for the presence of cerebellar hemorrhage to assess the frequency of such hemorrhages and identify possible predisposing factors.
Methods
This study was approved by our institution's institutional review board.
Patients with spontaneous intracranial hypotension evaluated at Cedars-Sinai Medical Center, Los Angeles, California, between January 1, 2001, and December 31, 2009, were identified. The diagnosis of spontaneous intracranial hypotension was made using previously established diagnostic criteria. 24 Demographic, clinical, and imaging data were abstracted from the patients' medical records.
All relevant imaging studies were independently reviewed by a board-certified neuroradiologist and a boardcertified neurosurgeon. Discrepancies were adjudicated by a second board-certified neuroradiologist.
For statistical analysis, ANOVA and the Fisher exact test were used to compare groups and associations between the groups and patient characteristics, respectively.
Results
During the 9-year study period, a total of 273 patients with spontaneous intracranial hypotension were evaluated. Two patients did not undergo brain MR imaging and 9 patients did not undergo any spinal imaging, leaving a total of 262 evaluable cases.
Chronic cerebellar hemorrhages were found in 7 (2.7%) of the 262 patients with spontaneous intracranial hypotension (Figs. 1-7) . These hemorrhages were found in 7 (19.4%) of the 36 patients with a ventral spinal CSF leak and in none of the 226 patients who did not have such a CSF leak (p < 0.0001).
The mean age of the 5 men and 2 women was 39.6 years (range 15-63 years) at the time of onset of symptoms due to spontaneous intracranial hypotension and 59.1 years (range 41-78 years) at the time of their first MR imaging study demonstrating the cerebellar hemorrhages (Table 1) . In 2 patients, the symptoms of spontaneous intracranial hypotension had resolved (over 2-and 4-year periods, respectively) decades before the diagnosis of cerebellar hemorrhage, and none of the typical imaging features of spontaneous intracranial hypotension were present on MR images. The remaining 5 patients remained symptomatic, and in these patients, MR imaging showed the typical features of spontaneous intracranial hypotension in addition to the cerebellar hemorrhages.
The MR imaging appearance of the cerebellar hemorrhages was characterized by bilateral and symmetrical linear foci of hemosiderin staining involving the superior or middle regions of the cerebellar hemispheres, usually also involving the superior vermis. All hemorrhages were chronic, without gliosis or edema in the parenchyma. The degree of hemosiderin deposits was variable, ranging from mild to moderate involvement of the cerebellum in 6 patients; there was typical widespread superficial siderosis involving the whole neuraxis, but most pronounced in the cerebellum, in 1 patient. Only this latter patient, who presented with the classical clinical manifestations of progressive ataxia and sensorineural hearing loss, was symptomatic from the chronic hemorrhages. Two other patients also underwent audiometry for "aural fullness" but results were normal. Repeat MR imaging scans were performed in all 7 patients between 6 months and 4 years after the initial study (mean 2.2 years), and no change in the cerebellar hemorrhages was noted.
The time period between the onset of symptoms due to spontaneous intracranial hypotension and MR imaging examination was longer in those patients with cerebellar hemorrhage (mean 19.6 years, range 1 month-43 years) than in those with a ventral spinal CSF leak and no evidence for cerebellar hemorrhage on MR imaging (mean 2.3 months, range 2 days-30 months; p < 0.0001; Table 2 ). Xanthochromia was found in 2 of the 7 patients with cerebellar hemorrhage, but in none of the 29 with a ventral spinal CSF leak and no evidence for cerebellar hemorrhage on MR imaging (p = 0.04). Lumbar puncture and CSF examination were performed for the evaluation of superficial siderosis in 1 patient and at the time of CT myelography in the remaining 6 patients. No other statistically significant differences were found between the 2 groups of patients with ventral spinal CSF leaks.
Conventional cerebral angiography was performed in 3 patients and MR or CT angiography in 4. No source for the cerebellar hemorrhages was detected.
All 5 patients with persistent headaches due to the ventral spinal CSF leaks underwent between 2 and 7 epidural blood patches with complete and sustained resolution of symptoms in 2 patients. The 3 remaining patients underwent surgical repair of the ventral spinal CSF leak with complete and sustained resolution of symptoms in 2 patients and partial resolution in 1 patient.
The 1 patient with superficial siderosis also was found to have a middle fossa arachnoid cyst (Fig. 1) , and he underwent a craniotomy. No abnormal fragile vasculature was encountered, and his symptoms continued. The patient declined treatment for his ventral spinal CSF leak.
Clinical follow-up was complete through September 2010 and ranged from 3 to 49 years (mean 24.6 years) from the onset of symptoms, from 3 to 9 years from the initial MR imaging examination (mean 4.6 years), and from 6 months to 5 years (mean 2.9 years) from the last treatment for spontaneous intracranial hypotension.
Discussion
In this study, we found evidence for chronic cerebellar hemorrhage in about 2.5% of patients with spontaneous intracranial hypotension. There was a strong correlation with the type of underlying spinal CSF leak. Cerebellar hemorrhages were seen in about one-fifth of patients with ventral spinal CSF leaks but in none of the patients with other types of CSF leaks. Among the patients with ventral spinal CSF leaks, duration of symptoms was strongly associated with the development of cerebellar hemorrhage.
A variable degree of hemosiderin deposits was observed, ranging from mild cerebellar involvement to classic superficial siderosis involving the entire neuraxis. However, in most patients only the cerebellum was involved and the hemorrhages were asymptomatic. The one patient with superficial siderosis syndrome presented with the classical clinical manifestations of sensorineural hearing loss and ataxia. Superficial siderosis is defined as a degenerative disorder characterized by widespread deposition of hemosiderin in the leptomeninges and subpial layers of the brain and spinal cord. 5, 12, 13 Previously reported patients with a diagnosis of superficial siderosis syndrome and spontaneous intracranial hypotension all had ventral spinal CSF leaks. 10, 14, 16, 17 These typical ventral spinal CSF collections also have been described in other patients with superficial siderosis syndrome who did not carry a diagnosis of spontaneous intracranial hypotension. 4, 11, 15, 19, 20, 27 However, it appears that in some of these patients in whom superficial siderosis syndrome was diagnosed, only the cerebellum was involved. 14, 16 The source of cerebellar bleeding in our patient population has not been established. Previously we have hypothesized that 2 mechanisms could play a role: 1) occlusion of superior cerebellar bridging veins due to brain sagging resulting in hemorrhagic infarctions and 2) actual rupture of these bridging veins. 22 A venous source of hemorrhage is consistent with the distribution of the hemosiderin deposits bilaterally along the cerebellar folia, which is similar to that seen following iatrogenic spinal CSF loss. This pattern of hemosiderin distribution and the lack of cerebellar gliosis argue against venous hemorrhagic infarcts as the underlying pathology. Others have suggested that friable vessels at the site of the ventral dural tear are the likely source of chronic bleeding in patients with superficial siderosis and ventral spinal CSF collections. 1, 16 Although not common in our study, only patients with ventral spinal CSF leaks who had cerebellar hemorrhages were found to have xanthochromia on CSF examination. Xanthochromia has been described previously in patients with spontaneous intracranial hypotension 26 and also is a frequently reported finding in patients with superficial siderosis. 10, 11, 14, 15 The present study demonstrates that long duration of symptoms due to spontaneous intracranial hypotension is strongly associated with the occurrence of cerebellar hemorrhage, possibly explaining why only ventral spinal CSF leaks were found in these patients. Compared with other types of spontaneous spinal CSF leaks, ventral CSF leaks are less likely to resolve spontaneously, are less responsive to treatments such as epidural blood patching, and are more likely to recur (W.I. Schievink et al., unpublished data). Also, the volume of CSF loss generally is more extensive in patients with spontaneous intracranial hypotension from ventral CSF leaks compared with the other types of CSF leaks (W.I. Schievink et al., unpublished data). In reviewing the literature, it is apparent that the interval between the onset of symptoms from spinal CSF leaks (that is, positional headache) and the development of symptoms from superficial siderosis also is typically long, measured in years or decades. 10, 17, 18 Thus, the typical patient with chronic cerebellar hemorrhage and a ventral spinal CSF collection presents with a longstanding or remote history of positional headaches. Because the positional headaches can be so characteristic and debilitating, it is not unusual for patients to recount such headaches even if they occurred in the distant past. This study suggests that cerebral angiography is not indicated for the diagnostic evaluation of patients with a spontaneous ventral spinal CSF leak who exhibit these characteristic cerebellar hemosiderin deposits. Conversely, spinal imaging should be considered in patients who are found to have these cerebellar hemosiderin deposits, and patients should be asked about a history, possibly remote, of positional headaches. Chronic cerebellar hemorrhage should be included among the manifestations of spontaneous intracranial hypotension. Other types of intracranial hemorrhage associated with spontaneous intracranial hypotension include, in order of decreasing frequency, subdural hematomas, 25 hemorrhagic venous infarctions, 22 and Duret hemorrhages. 
Conclusions
Variable amounts of cerebellar hemosiderin deposits should be included among the manifestations of spontaneous intracranial hypotension. The underlying spinal CSF leak is ventral and generally of long duration.
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